• Objective: To identify the best method for determining freedom from disease after gastrinoma resection and for predicting long-term disease-free status in patients with the Zollinger-Ellison syndrome.
• Objective: To identify the best method for determining freedom from disease after gastrinoma resection and for predicting long-term disease-free status in patients with the Zollinger-Ellison syndrome.
• Design: Prospective study in consecutive patients.
• Setting: Referral-based clinical research center.
• Patients: Eighty-one consecutive patients with the Zollinger-Ellison syndrome who underwent surgical exploration for gastrinoma resection.
• Intervention: Patients were evaluated after gastrinoma resection, before discharge, 3 to 6 months after surgery, and yearly thereafter. Evaluation included secretin provocative testing and fasting serum gastrin determinations. Follow-up examinations after the initial postoperative evaluations included a clinical assessment, acid secretion studies, a calcium provocative test, and various imaging studies.
• Measurements and Main Results: Most patients (96%) had gastrinomas. Freedom from disease was defined by improved symptoms, reduced acid output and antisecretory drug requirements, and a normal gastrin level, normal imaging studies, and negative gastrin provocative studies. Fifty-two percent of patients (n = 42) were disease-free immediately after surgery, 44% at 3 to 6 months, 42% at 1 year, and 35% by 5 years (mean follow-up, 39 months). The secretin provocative test was the first test to become positive in 45% of patients with a recurrence, the serum gastrin determination was the first test to become positive in 36%, and both tests became positive at the same time in 18%. No recurrence was first detected by imaging studies or by calcium provocative testing. Fasting serum gastrin levels and secretin provocative test results at different postoperative times can be used to predict the probability of a patient remaining disease free at 3 years. Patients with a normal gastrin level and a normal secretin provocative test immediately after surgery had a 3-year disease-free probability of 75%, and normal results on both tests at 6 months, 1 year, and 2 years yielded respective probabilities of 88%, 95%, and 100%.
• Conclusions: Both the secretin provocative test and fasting serum gastrin determination are necessary for the early diagnosis of cases of recurrent disease after gastrinoma resection. The calcium provocative test and imaging studies do not detect any recurrences first. Fasting serum gastrin determinations and secretin provocative testing at different postoperative times can be used to predict the probability of a patient remaining disease free at 3 years.
Oastrinoma is the most common functional pancreatic endocrine tumor (1) (2) (3) . Because of autonomous gastrin release by the gastrinoma, patients develop gastric acid hypersecretion as part of the Zollinger-Ellison syndrome (1, 4) . In recent years, effective medical therapies have been developed to control gastric acid hypersecretion, which previously was the leading cause of death in patients with the Zollinger-Ellison syndrome (5-7). Increasingly, the malignant nature of the tumor is becoming the primary determinant of long-term survival (2, 8) , and therefore patients with the Zollinger-Ellison syndrome are increasingly being considered for possible gastrinoma resection (1, 2, 9, 10). However, considerable disagreement has arisen about the possible benefit of resection to the patient (11) . This difference in opinion has occurred primarily because of widely ranging disease-free rates (4% to 90%) in different series (1, (12) (13) (14) . Further, even without surgery, many patients have an excellent long-term prognosis because of the slow growth of the gastrinoma (15, 16) . Also, many patients experience complications from peptic ulcer disease (for example, perforation) before diagnosis of the syndrome; such complications increase the surgical risk. Thus, the possible long-term benefit of surgery in terms of disease-free survival must be studied to determine whether it outweighs the risk.
Disease-free rates have varied markedly among studies for several reasons, including differences in sample size, follow-up, selection criteria for surgery, and operative approach. For example, surgery in these studies has ranged from a detailed exploration with removal of only gastrinomas identified at surgery to blind proximal pancreaticoduodenectomy in cases in which no tumor was found but selective venous sampling showed gastrin positivity in this area (1, 12, 14, (17) (18) (19) (20) (21) . However, the primary reason for the variation in the disease-free rate in different series is the lack of agreement on what evaluations should be routinely done after operation to establish disease-free status. Many studies only determined fasting serum gastrin levels (10, 17, (22) (23) (24) ; however, fasting hypergastrinemia can be caused by achlorhydria, which is frequently seen in patients receiving gastric acid antisecretory drugs, and thus hypergastrinemia may not always represent a disease recurrence or a failure to render the patient disease free (25) . Further, some patients with the Zollinger-Ellison syndrome have a normal fasting serum gastrin level but a positive secretin or calcium provocative test result (26) ; other patients have been described who only had a positive calcium provocative test or only abnormal imaging studies (27, 28) .
To address this problem, we did a study to determine the best method to assess disease-free status after surAnn Intern Med. 1993; 119:199-206 .
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Methods
Our investigation included 81 consecutive patients who underwent surgical exploration for possible curative gastrinoma resection between December 1980 and December 1991 as part of the ongoing National Institutes of Health prospective study of patients with the Zollinger-EUison syndrome. Thus, many of these patients have been described previously (4, 18, 19, (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) .
Patients were considered to have a confirmed diagnosis of the Zollinger-Ellison syndrome if they met at least two of the following criteria: an elevated fasting serum gastrin level; a basal acid output of more than 15 mEq/h if the patient had not undergone previous gastric surgery or of more than 5 mEq/h if the patient had undergone previous gastric surgery; an increase in the serum gastrin level of 200 pg/mL after the intravenous administration of secretin; and an increase in the serum gastrin level of 395 pg/mL after an intravenous calcium infusion. The secretin provocative test was done as described previously (28) , with Secretin-Kabi (Ferring AB, Malmo, Sweden) given by intravenous bolus injection (2 U/kg body weight). The calcium provocative test was done as described previously (28), with calcium gluconate (10%) (54 mg/kg per hour [5 mg calcium/kg per hour]) given by continuous intravenous infusion for 3 hours. Serum gastrin levels were determined by Bioscience Laboratories (New York, New York). All samples were diluted as necessary to give values that fell on the midportion of the standard curve as described previously (28) . Patients with elevated gastrin levels had repeated determinations.
All patients had upper gastrointestinal endoscopy, computed tomography (29) , ultrasonography (30) , and selective angiography (31) that included selective injections of the hepatic, gastroduodenal, splenic, and superior mesenteric arteries before operation. In addition, patients evaluated after 1987 also underwent magnetic resonance imaging (32) .
Before surgery, basal and maximal acid outputs were measured as described previously (33, 34) . Maximal acid output was measured after pentagastrin stimulation (6 Atg/kg subcutaneously). Sufficient oral antisecretory medication was given to reduce gastric acid output to less than 10 mEq/h before the next dose of medication for patients without previous gastric surgery and to less than 5 mEq/h for those who had previous gastric surgery (4, 33) . The minimal dose of cimetidine or ranitidine given by continuous infusion or of omeprazole given by intermittent intravenous bolus injection to reduce gastric acid secretion to 10 mEq/h or less was determined in all patients as described previously (35, 36, 39) , and this dose was administered at surgery and during the postoperative period to control gastric acid secretion.
At surgery, an extensive exploration, including mobilization of the duodenum, was done as described previously (18, 19) . In addition, patients who had surgery after 1986 also underwent transduodenal endoscopic transillumination (37) and duodenotomy (19) to localize duodenal gastrinomas and intraoperative ultrasonography as described previously (19, 38) .
Specific Protocol
After surgery, before discharge from the hospital, fasting serum gastrin concentrations were determined on at least 3 separate days and a secretin provocative test was done.
Each patient was discharged on the same dose of oral antisecretory drug that he or she was taking before operation, as described previously (18, 19) . If tumor was resected, patients were reevaluated 3 to 6 months after surgery to determine disease-free status and to assess control of gastric acid hypersecretion. Thereafter, patients who had had tumor resection were reassessed yearly. Patients who did not undergo resection were evaluated yearly. Tumor recurrence after resection was assessed by noninvasive imaging studies (ultrasonography, computed tomography, and magnetic resonance imaging) functional studies, which included determination of fasting serum gastrin levels on 3 different days, and provocative tests with secretin and calcium. Gastric acid antisecretory drugs were withdrawn and gastric acid output was determined to ensure that fasting serum gastrin determinations and secretin provocative tests were done on days when patients were not achlorhydric to avoid physiologic hypergastrinemia. As shown in Figure 1 , elevation of the fasting serum gastrin level may be secondary to drug-induced achlorhydria. Therefore, to adequately assess the importance of either an elevated fasting serum gastrin level or a positive secretin or calcium provocative test, all gastric acid antisecretory agents had to be withdrawn before these studies.
Disease-free status was defined by amelioration of all symptoms of the Zollinger-Ellison syndrome after operation; a significant reduction in gastric acid output at follow-up, no significant increase in basal acid output (that is, <50% increase) at follow-up, and no significant increase in gastric acid antisecretory drug requirements after operation as described previously (34); a normal fasting serum gastrin concentration (<110 pg/mL) (19, 34) ; negative results on provocative testing with secretin (an increase of less than 200 pg/mL in gastrin level) and calcium (an increase of less than 395 pg/mL in gastrin level) (27) ; and no evidence of tumor on imaging studies. Further, these criteria were used at all follow-up times so that the persistence of these findings further established disease-free status.
In patients who were considered disease-free at any postoperative visit, recurrence was defined by the development of an elevated fasting serum gastrin level (>110 pg/mL) when achlorhydria was not present, a positive result on a calcium or secretin provocative test, abnormal imaging studies, or a significant increase in basal acid output during follow-up, increased drug requirements, or clinical symptoms of ZollingerEllison syndrome that persisted during subsequent visits. Patients who had a recurrence (n = 11) were divided into two groups: One group included eight patients who had a recurrence within 36 months after surgery (early recurrence), and the other group included three patients who had a recurrence 36 to 72 months after surgery (late recurrence).
Statistics
The proportion of patients remaining disease free after surgery was plotted using the Kaplan-Meier method (40) , and this curve was used to estimate the probability that a patient would remain disease free (41) . The sensitivity, specificity, and predictive values (42) for the fasting serum gastrin determination and the secretin provocative test were calculated using the results at 3-year follow-up for the 46 patients who remained in the study to that point. To compare differences in recurrence rates, the McNemar test was used (40) . We used Rothman's method (41) to calculate 95% CIs for the probability of being disease free at 3 years and Brown and Hollander's (42) method to calculate sensitivity, specificity, and predictive values.
Results
As shown in Table 1 , the clinical and laboratory characteristics of our patients with the Zollinger-Ellison syndrome were similar to those of patients in other surgical series (1, 6, (12) (13) (14) . Immediately after surgery, 52% of patients were disease free (Figure 2 ). At 6 months after surgery, 44% were disease free; at 1 year, 42%; at 3 years, 40%; at 5 years, 37%; and at 7 years, 25% {see Figure 2 ). The mean follow-up time was 39 months. All 42 patients who were initially disease free were followed for 6 months: Thirty of these 42 patients (71%) were followed for 12 months; 29 (29%), for 24 months; 27 (64%), for 36 months; 21 (50%), for 48 months; 12 (21%), for 60 months; and 8 (19%), for 72 months. During the follow-up period, 11 patients (25%) who were initially disease free had a relapse.
The secretin provocative test was the only test initially positive in 45% of patients who developed early Figure 1 . Relation between the fasting serum gastrin concentration and basal acid output in a patient assessed for recurrence 6 months after resection of a gastrinoma. This patient was disease free immediately after surgery. At this 6-month assessment, fasting hypergastrinemia was present 1 day after discontinuing ranitidine therapy, 600 mg every 6 hours, suggesting that the disease had recurred; however, achlorhydria was also present at this time. Two days after discontinuing ranitidine therapy, basal acid output (BAO) increased and the fasting serum gastrin level decreased to within the normal range, showing that the patient was still disease free and had instead developed physiologic hypergastrinemia secondary to ranitidine-induced achlorhydria. The dotted line represents the upper limit of normal for the fasting serum gastrin level. See Methods section for definition of recurrence.
recurrence (<3 years) after surgery, and an elevated fasting gastrin level was the only initial abnormality in 36% of patients (P > 0.05). Both of these tests were more sensitive (P < 0.05) than either the calcium provocative test or tumor imaging studies, both of which were positive initially in 0% of patients at the time of the recurrence (Figure 3 ). Both the secretin provocative test and the fasting serum gastrin determination were positive at the same time in 18% of patients with early recurrence (see Figure 3) . No patient initially manifested recurrence by increased acid output, clinical symptoms, or increased antisecretory drug requirements at follow-up visits.
The pattern of the time course for developing an elevated fasting serum gastrin concentration, a positive secretin provocative test, or positive imaging studies differed among patients whose disease recurred. In general, the recurrence followed three different patterns (Figures 4 and 5) . Forty-five percent of patients initially had a positive secretin provocative test only and later developed an elevated fasting serum gastrin level with or without abnormal tumor imaging results (see Figure  4, top panel) . Eighteen percent of patients developed elevated fasting serum gastrin levels and a positive secretin test at the same time but had normal tumor imaging studies (see Figure 4 , bottom panel). Thirty-six percent of patients developed an elevated fasting serum gastrin level as the initial indication of recurrence, either with (18%; see Figure 5 , left panel) or without (18%; see Figure 5 , right panel) subsequently developing a positive secretin provocative test or abnormal tumor imaging studies.
The probability that a patient with a normal fasting serum gastrin level and a negative secretin provocative test at different postoperative times would remain free of disease at 3 years was assessed. Of the 42 patients presumed to be disease free immediately after surgery, 27 patients were followed for at least 3 years, with 8 experiencing recurrence. These 42 patients had a 75% likelihood of being disease free at 3 years (CI, 57% to 87%). If both tests remained negative at 6 months, 1 year, and 2 years after surgery, the likelihood of the patient being disease free at 3 years was 88% (CI, 70% to 96%), 95% (CI, 78% to 99%), and 100% (CI, 82% to 100%), respectively ( Table 2) .
The sensitivity, specificity, and predictive values for fasting serum gastrin determinations, the secretin provocative test, or both as predictors of disease-free status at different postoperative times are shown in Table  3 . For the individual tests, sensitivity and negative predictive value approach 100%, suggesting that either a normal fasting serum gastrin level or a negative secretin test can accurately establish disease-free status. However, the specificity and positive predictive value for individual tests are lower, suggesting that some patients who are not rendered disease free may appear to be disease free if only one test is used to define freedom from disease. By using a combination of tests, specificity can be increased to more than 80% and the positive predictive value to more than 75% (see Table 3 ).
Discussion
Our study was designed to identify the best method for determining freedom from disease after operation and for predicting long-term disease free status during follow-up in patients with the Zollinger-Ellison syndrome after gastrinoma resection. Several recent developments have enhanced the clinical importance of this question. As recently as the early 1980s (5, 11), it was recommended that patients with the Zollinger-Ellison syndrome not undergo routine surgical exploration because of the low possibility of cure. However, in the last few years, the approach has changed (1-3, 9, 10, 14, 19): Many authorities now recommend that all patients with the sporadic form of the Zollinger-Ellison syndrome without metastatic disease and without an accompanying serious medical condition should be considered for surgical exploration. Several factors are responsible for the change in management approach. Because of the development over the last 5 years of potent gastric acid antisecretory agents such as the H~7K + -ATPase (adenosinetriphosphatase) inhibitors omeprazole or lansoprazole (4, 8, 43) and potent H 2 receptor antagonists such as ranitidine and famotidine (1, 44) , gastric acid hypersecretion can now be controlled medically in almost every patient. Thus, complications of gastric acid hypersecretion are no longer the principal cause of death in patients with the Zollinger-Ellison syndrome; rather, the natural history of the gastrinoma itself (that is, its malignant potential) has become the most important determinant of long-term survival (1) (2) (3) 9) . Early studies found that 60% to 90% of all gastrinomas are malignant (6, 8, 45) , and recent studies have shown that once metastatic spread to the liver occurs, the prognosis is poorer than previously thought, suggesting that early surgical resection should be attempted (8, 46) . Further, the ability to control gastric acid hypersecretion medically gives physicians time to do detailed preoperative imaging studies to attempt to localize the primary tumor (8, 29, 31) . In addition, imaging studies done before surgery identify about 95% of patients with metastatic disease to the liver who would not benefit from attempted surgical resection (8, 29, 31) . The chances for successful surgical resection have also been improved by the increased general awareness of the early symptoms of the Zollinger-Ellison syndrome and by its earlier diagnosis; because of this increased recognition, fewer than one third of patients have metastatic disease at the time of diagnosis (8, 24) . Last, recent studies suggest that the 20% of patients with the Zollinger-Ellison syndrome as part of the multiple endocrine neoplasia type 1 syndrome (8) may also benefit from surgical exploration and be curable (9, 47) , whereas early studies suggested that these patients were never cured by simple tumor excision and thus should not undergo routine surgical exploration (5). Twenty-seven patients who were disease free immediately after surgery were followed for 36 months, during which time 8 developed recurrence. Seventeen patients who were disease free immediately after surgery were followed from 36 months to 72 months, during which period 3 had a recurrence of disease. Although there are compelling reasons why patients with the Zollinger-Ellison syndrome may increasingly benefit from surgical resection, several factors limit the ability to predict confidently whether surgery in fact does have obvious benefits. First, in view of the changing natural history of the Zollinger-Ellison syndrome, it is difficult to determine whether survival is improving because of curative surgery alone, the influence of medical therapy for gastric acid hypersecretion alone, or both factors. Currently, control of acid output is the major determinant of short-term (<5 years) outcome. With further follow-up, this issue will become clearer as more patients who are not cured develop metastatic disease. Second, in earlier studies, almost all patients underwent total gastrectomy with, in many cases, tumor resection (1, 6, 7, 15, 16, 20) . Therefore, few patients who did not have surgery exist to clearly define the natural history of the disease. Now that potent gastric acid antisecretory agents are available, it will be possible to follow patients without any surgery, as is being increasingly done. Last, a further difficulty in assessing the possible benefit-to-risk ratio is that no general agreement has been reached about what percentage of patients will be rendered disease free in the long term or about how to define disease-free status (1, 12, 13, 15, 16, 19, 23, 48) . Some groups suggest that provocative tests should be done periodically to assess postoperative disease-free status (10, 12, 14, 19) ; however, these tests involve added expense, and it is unclear whether only the secretin provocative test needs to be done or whether the calcium provocative test should be done as well. Finally, imaging studies may also be important because some patients with recurrent disease after gastrinoma resection have had normal fasting serum gastrin levels and negative provocative tests but abnormal imaging studies (27) .
In our study, we found that it was necessary to do both fasting serum gastrin determinations and the secretin provocative test to initially detect all disease recurrence. In patients with recurrent disease, the secretin provocative test was the only initially positive test in 45%, whereas the fasting serum gastrin determination was the only initially positive study in 36%. Both the secretin provocative test and the fasting serum gastrin level were initially abnormal in 18% of patients with recurrent disease. Our results show that previous investigators who reported freedom from disease based only on normal fasting serum gastrin levels after resection (10, 17, (22) (23) (24) overestimated the actual disease-free rate, because the secretin provocative test must also be done to provide an accurate assessment. In our study, the addition of the calcium provocative test or imaging studies to the secretin provocative test and the fasting serum gastrin level determination did not increase the likelihood of detecting the initial recurrence. A recent study (27) suggests, because of the recurrence pattern in a single case, that routine postoperative imaging should be done in all patients with the Zollinger-Ellison syndrome who are thought to be disease free (27) . This approach would involve considerable expense because multiple imaging tests (computed tomography, magnetic resonance imaging, and ultrasonography) are required * Twenty-seven patients were followed for at least 3 years: During this time, 8 patients developed recurrence. The probability of remaining disease free was estimated for 42 patients using the Kaplan-Meier method (see Figure 2) , and 95% CIs were derived using Rothman's method (see reference 41). t Calculated after excluding three patients who were achlorhydric. In contrast to patients with insulinomas (49), several factors make it difficult to predict which patients with the Zollinger-Ellison syndrome will remain disease free after gastrinoma resection. Insulinomas are benign in 90% of cases, and in more than 90% of cases a single adenoma is found that is almost always within the pancreas; therefore, resection almost always results in disease-free status (49) . In contrast, patients with the Zollinger-Ellison syndrome frequently have multiple tumors (6, 8) , and in 60% to 90% of cases tumors are malignant so that unresected synchronous primary tumors or associated lymph node or hepatic metastases may remain after resection (45) . Further, gastrinomas are often found only in lymph nodes, removal of which in some cases results in long-term disease-free status, leading to the suggestion that, in certain cases, gastrinomas may originate in lymph nodes (1, 3, 50 ). Therefore, it may remain unknown for a variable time period after resection whether a metastatic focus or additional primary tumor was missed at surgery. Our study provides for the first time guidelines that can be used to predict long-term disease-free status. Specifically, 75% of the patients with a normal fasting serum gastrin level and a negative secretin provocative test result immediately after surgery will remain disease free at 3 years. If both test results are normal at 6 months, 88% of pa- 100 (82 to 100) 100 (87 to 100) 100 (82 to 100) 100 (87 to 100) * Data were analyzed for 46 patients who were followed for at least 3 years. Nineteen patients were disease free at 3 years. Sensitivity, specificity, and predictive values for being disease free were determined at the indicated postoperative times (see reference 42) . For the purpose of this analysis, a test is called positive (for being disease free) if it is normal. The combination of both tests is called positive if both tests are normal, and negative if either or both tests are abnormal. t Calculated after excluding three patients who were achlorhydric.
tients will remain disease free at 3 years, and, if both tests are normal at 1 year, 95% of patients will remain disease free at 3 years. Both a determination of the fasting serum gastrin level and a secretin provocative test need to be done at each follow-up. The results of these two tests at these times after operation can be used to predict the likelihood of remaining free from disease and to plan the proper follow-up approach. Based on our results, we suggest the following protocol for evaluating patients with the Zollinger-Ellison syndrome after possible curative gastrinoma resection: After surgery and before discharge from the hospital, a secretin provocative test and two fasting serum gastrin determinations should be done. If both are normal, the patient has an 80% chance of being disease free at 1 year and a 75% chance at 3 years. Preoperative gastric acid antisecretory therapy should be maintained for 3 to 6 months after surgery to allow complete recovery after resection and then discontinued before performing a repeated secretin provocative test and fasting serum gastrin determinations. If both are normal, antisecretory drugs can be markedly reduced or withdrawn and these two screening tests can be done yearly. If either test becomes abnormal, imaging studies should be done and then repeated yearly. At present we are not attempting reoperation unless the tumor mass is clearly seen on repeated imaging studies. However, we do not yet have sufficient data to suggest that repeated surgery is justified in patients who relapse, regardless of the results of imaging studies.
Patients who remain disease free should not have routine imaging studies or a calcium provocative test.
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